Four cases of late-onset Krabbe's leukodystrophy had varying clinical features. One sibling became wheelchair-bound while another leads an active working life. The computed tomography (CT) scan of a third patient showed occipital demyelination with contrast enhancement identical to that seen in an adrenoleucodystrophy. The fourth was the only patient with peripheral neuropathy. All patients had enzyme activity comparable to the classic infantile-onset form.
Globoid cell leukodystrophy was was ambulant and intellectually unimpaired, although very timid. The CT scan showed bilateral hypodensities of the white matter adjacent to the occipital horns of the lateral ventricles and contrast enhancement of the splenium, suggesting an adrenoleukodystrophy (fig). Long chain fatty acids were normal. Nerve conduction velocities and an electroretinogram were normal. Visual evoked potentials were markedly abnormal. CSF examination was normal.
Krabbe's leukodystrophy was diagnosed on the basis of a marked decrease in galactosylceramidase activity in peripheral blood leucocytes and skin fibroblasts. Enzyme activity measured in the mother's leucocytes showed an intermediate value consistent with a heterozygote state9 (table) .
At follow up at 5 years 6 months the patient was unable to walk, sit alone or speak. She was able to follow a light and had spastic tetraplegia.
Case 2 This girl was the last of five children whose parents are first cousins, once removed. She was born at 37 weeks gestation weighing (table) .
At 10 years and eight months her paediatrician indicated that she had stopped walking and there had been a marked intellectual deterioration.
Case 3 This girl was the third of four children born to non-consanguineous parents. She was born at term weighing 31 kg. She was well until the age of five years when a decrease in visual acuity was noted. At six years and six months I group.bmj.com on October 9, 2016 -Published by http://jnnp.bmj.com/ Downloaded from Late-onset Krabbe's leukodystrophy-a report offour cases she suffered a progressive left hemiplegia and a slow intellectual deterioration began.
On admission at 12 years, nine months she was wheelchair-bound with fixed contractures at the elbows, knees and hips and an inappropriately euphoric affect. She had marked facial grimacing and her movements were severely dystonic, with an athetoid component in the hands and feet. There was marked hypertonicity and hyperreflexia of all four limbs and bilateral Babinski responses. Her voice was almost unintelligible although some words were still comprehensible. She understood simple commands. She reacted to and followed a light, although at fundoscopy her discs were pale.
Nerve* conduction studies and electromyogram were normal, as was the cerebrospinal fluid. The electroretinogram showed an increased latency on red light stimulation, indicative of a predominantly central retinal disturbance. The visual evoked potentials were abnormal but could not be explained by the retinal disturbance. The cerebral CT scan showed bilateral rounded hypodense areas in the upper parietal white matter and poor grey-white differentiation. A skin biopsy showed numerous nerve endings without specific inclusions, and an excess of glycogen either free or within mitochondria.
Krabbe's leukodystrophy was diagnosed by decreased activity of galactosylceramidase in the leucocytes and skin fibroblasts. The patient's parents showed galactosylceramidase leucocyte activity at an intermediate heterozygote level (table) .
At follow up at 15 years and nine months the situation was unchanged with the patient remaining wheelchair-bound, euphoric and intellectually impaired.
Case 4
This young man was the older brother (by three years) of patient 3 
Discussion
These four enzymatically confirmed cases further demonstrate the heterogeneity of the late onset form of Krabbe's globoid cell leukodystrophy. Patient 1 presented with visual problems and a CT scan suggesting an adrenoleukodystrophy, while patient 2 presented with a spastic diplegia, and some minor cerebellar signs. The contrast in the clinical condition of the siblings, patients 3 and 4, is striking with the younger girl confined to a wheelchair and institutionalised while her brother continues a normal life, despite the comparable enzymatic abnormalities and CT images. Interestingly, neither patient has progressed clinically or radiologically for some years. Such discrepancies in the late-onset form, even within a family, pose difficulties for advising prognosis.
One clinical feature not previously evident in reported cases is the dystonic movements described in case 3. At admission seven years after onset of symptoms these movements were striking, involving mainly the face, hands and feet.
Consistent with a previous report'0 the CSF protein in the three patients who had spinal fluid examination showed a normal protein concentration in two cases and a mildly elevated value in the other.
In only one of the patients (case 2) was there EMG evidence of a peripheral neuropathy and the peripheral nerve biopsy performed was interesting in that not only did it demonstrate inclusions classically described in biopsies of patients with Krabbe's leukodystrophy" but also showed inclusions reminiscent of those seen in Refsum disease.'2 The significance of this is not clear.
These four patients showed a severe deficiency of galactosylceramidase activity, with values less than 10% of the mean normal value. There was no significant difference between the levels of residual activities observed in infantile or late-onset patients which differs from the findings of Loonen et al.2 Similar results were also observed in cases 3 and 4, despite the clinical dissimilarity in these two siblings. The question of a pseudodeficiency in case 4 could be ruled out since both parents showed galactosylceramidase activities within the expected range for heterozygotes.
All four cases had had cerebral CT scans at varying times after the onset of symptoms, with the scan of patient 2 (six months after the onset of symptoms but not repeated) being normal. This has previously been described in the late-onset form.'0 The CT scans of patients 3 and 4 show small identically distributed low density white matter changes despite the obvious clinical disparity. The most interesting of the CT scans is that of patient 1, with its occipital hypodense areas and contrast enhancement of the corpus callosum, an appearance previously thought to be specific for adrenoleukodystrophy"3 and not reported in Krabbe's leukodystrophy.
These clinical and investigative findings further contribute to the picture of late-onset Krabbe's leukodystrophy as a heterogeneous disease, despite enzyme activity comparable to the classic infantile variety.
